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ELECTROLUMINESCENT DEVICE 

The present invention relates to organo-efectroiuminescent (EL) devices, In particular EL 
devices that comprise durable, blue-emitting organo-electrouminescent layers. The organo- 
eiectroluminescent layers comprise certain organic compounds containing one or more 
pyrimidine rnofeties. 

Background 

Progress has been made towards developing organic-based electroluminescent devices 
suitable for full color displays- Generally, an EL device is comprised of a light-emitting layer 
or layers and a pair of facing electrodes sandwiching the light-emitting layer(s>. Application 
of an electric field between the electrodes results in the injection of electrons and holes to the 
system, resulting in the release of energy as light. 

However, organo EL devices have not been developed that have suitable stability under 
continuous operation. In particular there remains a need for blue-emitting, stable organo EL 
devices. 

U.S. Pat No. 5,104,740 teaches an electroluminescent element that comprises a fluorescent 
ja^er nrertafrung a coumerinto or azacoumarinlc derivative and a hole transport layer, both 
made of organic compounds and laminated on top of the other. 

U.S. Pat No. 6,280,859 discloses certain polyaromatic organic compounds for use as a light- 
emitting material in ongano-electroluminescent devices. 

U.S. Pat No. 5,1 16,708 is aimed at a hole transport material for EL devices. 

WQ98/04007 and EP-A-1013740 relate to an electroluminescent arrangement with the 
electron -conducting layer containing one or more compounds comprising triazJne as basic 
substance. 



EP-A-1013740 discloses the use of triazine compounds in EL devices. 

WO02/02714 reiates to electroluminescent iridium compounds with fluorinated 
phenyfpyridines, phenyipyrimidlnes, and phenylquinolines and devices made with such 
compounds. 
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US-A-5,077,142 relates to EL devices comprising a number of organic compounds as light 




D 

emitting material. A pyrimidine moiety, , Is listed among a long Ifet of 

possible organic compounds. 

Certain organic compounds containing one or more pyrimidine moieties are found to be 
suitable for use In organo-electrcluminescent devices. In particular, certain pyrimidine 
derivatives are suitable blue emitters with good durability. 

Detailed Disclosure 

The present invention is aimed at an electroluminescent device comprising an organic light- 
emitting layer that contains at least one blue-emitting organic compound containing one or 
more pyrimidine moieties. 

Accordingly the present Invention relates to an electroluminescent device comprising an 
anode P a cathode and one or a plurality of organic compound layers sandwiched 
therebetween, in which said organic compound layers comprise an organic compound 
containing one ore more pyrimidine moieties: 

J? 

N N 



•V 4 



For example, the present organic compounds comprise one. two. three or more pyrimidine 
moieties, Including oligomers and polymers . It is understood that the open valences in the 
pyrimidine moiety represents a covalent bond that is not limited in its substitution. 

In general, the organic compound or compounds emit light below about 520 nm, in particular 
between about 380 nm and about 520 nm. 

The organic compound or compounds have a NTSC coordinate of between about (0.t2, 
0.05) and about (0.16, 0.10), preferably a NTSC coordinate or about (0.14, 0;0S), 
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X Id Cr-C^ary! or Cs-Cwheteroaryl, which can he substituted or unsubstituted, in particular 
x 2 




X s , H, Ci-C 1fJ alkyi; C^daalkyl which is substituted by E and/or interrupted by D; 
CrCi»alksny(, Cz-C«alkenyl which is substituted by E and/or interrupted by D; Ca-Ciealkynyl; 
X^C»aikynyl which is substituted by E and/or interrupted by D; Ci-Ciealkoxy; Cn-Ctealkoxy 
which is substituted by E and/or interrupted by D; -SR*; -NR B R 6 : wherein the groups V 1 to V 9 , 
W 1 te-W 5 , X 1 to X*and Y 1 to Y 8 are independently of each other H; halogen, Cs-C 1B aryi; CV 
C l8 aryl which is substituted by G; Ci-C ia aBeyl; Ci-Cisalkyi which Is substituted by E and/or 
interrupted by D; C7-C nB alkylaryl; Cy-Ci«alkyiaryl which is substituted by E and/or Interrupted 
by D; CVC«alkenyl; C2-C 18 alkenyl which is substituted by E and/or interrupted by D; 
Cs=Cieaikynyl; CsrCiaalkynyl which Is substituted by E and/or interrupted by D; C<-Ci 8 alkoxy, 
Gr-G™alkaxy which is substituted by E and/or Interrupted by D; -SR 5 ; -NR^R 9 ; Ca- 
C 18 heteroaryl; Ca-Cisheteroary! which is substituted by L; -SOR 4 , -S0 2 R 4 ; -COR*: -COOR 7 ; 
^C08K $ R e ; C 4 -C 18 cydoaHcyl; OCiscycloalkyi which is substituted by E and/or interrupted by 
D; C*-C 18 cycloalkenyi; C 4 -C ia cycloaikenyl which is substituted by E and/or Interrupted by D; 



or 



W* or Y 5 together with V form a group -CRV, -CRVcrV, -C(=0)CRV, -C(=0)-. or 
^CFt=Ck s -, or 

W 5 and Y 6 togetherwith V form a group i! 

wherein R 8 Is H; d-daalkyl. Ci-C«atkyl which Is interrupted by -O-. QrCaaryl, Ce-daaryl 
A»r?ich is substituted by Ci-Cisalkyl. or C n -C n 6alkoxy, or 
one of the aubstituents 

V f to V 9 , W 1 to W 9 , X 1 to X 5 , or Y 1 to Y s Is a group of the formula -Z, -Ar-Z, wherein Ar is Ce- 
^vOPfl or Cs-Cstfheteroaryl, which can be substituted, in particular 



4 S3 



2 p wherein Z is a group of formula 
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R s and ^together fotm a five or six membered ring, In particular 




O 




a 

R T Is H; Cs-Cisaryl; Cg-Caaryl which is substituted by d-C l9 alkyl, Ci-Cwalkoxy; d-Ciaalkyl; 
Ci-Ci 8 alkyl which is interrupted by -O-; 

R 8 Is H; C^Ci B aryl; CrC^atf which Is substituted by C^alkyl, Ci-C,aalkoxy; d-daalkyl; 
CrCiABlkyl which is interrupted by -O-. 

ortwo substituents selected from V 1 to V s , W 1 to W* X 1 to X s , Y 1 to Y 5 which are in 
neighborhood to each other form a five to seven memhered ring. 

preferably at least one, more preferably at least two, most preferably at least three of the 
groups V r W. X and Y are Ce-C^aryl or Cs-Ca-jheteroarvi, which can be substituted. 

preferred are compounds of formula I, wherein at least one of the substituents Y 1 to Y fi ts 
different from H. at least onaotthe substituents W 1 to W 8 is different from H; at least one of 
the substituents X 1 to X s is different from H, and/or at least one substrtuent V 1 to V s is 
different from hydrogen. 

preferably the eteotroluminescent device comprises pyrimidine compounds of formula II to 

VI: " 

V (ID. 

wherein V, W, Y and X 1 to X s are as defined above; 
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^ — ( E 

w* w 22 




{Vl) or 




Y 2 V 4 



(VII), wherein 



W 11 to W 1S . W 21 to W 25 . W 31 to W 35 . W* 1 to W 45 . Y 11 to Y ,s , Y 21 to Y 2S , Y 31 to Y 35 and Y* 1 to Y 45 
are Independently of each other H; Ce-Ciaaryl; CG-C«aryl which is substituted by G; C<- 
Ctsalkyl; CrCi B alkyl which Is substituted byE and/or interrupted by D; Cr-daalkylaryl; Ct- ■ 
Ci»alkylaryl which is substituted by E and/or interrupted by D; Cz-Ciaalkenyl; Ca-Oaalkenyt 
which is substituted by E and/or Interrupted by D; Ca-Ci^alkynyl; C z -C 1? alkyny! which is 
substituted fay E and/or interrupted byD; Ci-daalkOxy, Ct-Ciealkoxy which is substituted by 
£ and/or interrupted by D; -SR 5 ; -NR 5 ^: Cz-CiBheteroatyl; Cz-Ci B heteroaryi which is 
substituted by U -SOR 4 ; -SO2R 4 ; -COR*; -COOR r ; -CONR 8 R s ; Cr-Ciacydoalkyl; Or 
dscycloalkyl which is substituted by E and/or interrupted by D; C4-Ciacyctoalkenyl; C 4 - 
CiacycldMlkenyl which is substituted by E and/or interrupted by D; 
V is H; Cfl-C 18 aiyl; C 9 -C 1B aryl which fs substituted by G; Cj-Ciaalkyl; Ci-Oiaalkyl which is 
substituted by E and/or interrupted by D; C7-C«alkylaryl: C7-Ciaalky!aryl which Is substituted 
by E and/or interrupted by D; GrGigalkenyl; Cz-daalkenyl which is substituted by E and/or 
interrupted by D; GyCiaalkynyl; C^daalkynyl which is substituted by E and/or interrupted by 
D; Ci-Ctaalkoxy, Ci-Ci B alkoxy which v$ substituted by E and/or interrupted by D; -SR S ; or- 
NR 5 R 6 ; Cz-Ctaheteroaryl; Cz-Ciaheteroaryl which is substituted by L; -SOR 4 ; -SO a R 4 ; -COR 8 ; 
-COOR 7 ; -CONR^ 6 ; C+-C n8 cycloalkyl; CU-dacydoalkyl which is substituted by E and/or 
interrupted by D; Oi-Cmcycloalkenyl; Gj-Ciscydoalkenyl which is substituted by E and/or 
Interrupted by D; 

S 11 to B 44 , B 21 to B 24 , B 31 to B 94 and B* 1 to B w are independently of each other H: Cs-Cisaryi; 
C$-Ciaaryl which is substituted by G; Ci-Ciaalkyl; Ci-Ciaalkyl which is substituted by E and/or 
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. or 

In addition, the organic compound can also be a polymer, comprising the fallowing unite: 




<VM!) 




wherein x is chosen in the range of from 0.005 to 1 , preferably from 0.01 to 1 , and y from 
0.995 to 0, preferably 0.99 to 0, and wherein x*y=1,Visa group of the formula 
V 2 




, H, Ct~Ci*alkyl; Ci-daaiKyl which is substituted by E and/or Interrupted by D; 
Cz-CiaalKenyf, Ca-Cisalkenyi which is substituted by E and/or interrupted by D; C?-Ciaallcynyl; 
Cz-C^lkynyl which is substituted by E and/or interrupted by D; Ci-Ci$a}Koxy: CrC 18 alkoxy 
which is substituted by E and/or interrupted by D; -SR 5 ; or -NR S R 8 ; and 
T & Ce-C24-ary! or Ca-C24-heteroaryl, which can be substituted, in particular a group of the 

jA 1 )m g*)m fB*)m f 



formula 



, or 



, in particular 




wherein 
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Y a is H, Ci-Caalkyl, or d-Csalkoxy, wherein m is an integer of 1 to 4 and X is - 
0-(CH 2 )miCH 8 , -OC(OHCH 2 ),niCH3, -C(0)-O-Ci-CBalkyl, wherein ml is an integer of 0 to 5; 




(Xllb), 

wherein W 3 and W* are independently of each other H, -NR 103 R 1IW , Ci-Csthioaikvi, or C,~ 
Csattcosy, 

Y 3 and Y^ne independentiy of each other H, ^NR 103 R 104 , C-Cthfoalkyl, or d-C a alkoxy, 
wherein R* 03 and R 104 are independently of each other H or Cr-Coalkyl. 
V^ls H, d-Calkyl, orO(CH a )ni-X, 
Y 8 is H, d-Caalkyl. or 0(CHa)„i-X, 

wherein nl is an integer of 1 to 5 and X is -O-CCHa^CHa, -OC(0)-(CH2) m iCH 3 , -C(0)-O- Ci- 
Caaikyi. -MR 103 R W . wherein ml Is an integer of 0 to 5 and R 103 and R 104 are independently of 
each other H, or d-Cs-alkyl, or R 103 and R 10 * together form a five or six membered 



heterocyclic ring, in particular 



-o 
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X 3 is H, -NR 103 R 1M , Ct-C 8 thtealkyl, or Ci-Cgaikoxy, wherein R 103 and R 1M are independently 
of each other H. or Ci-C H alkyl; 




Y 3 Is H, -NR^R 10 *. Ci-CWtHjcalkyJ,-orC,-a>alkoxy, 

X* is H, -NR 109 R 16 *, Ci-Cethioalkyl, or Ci-C,alkoxy, wherein R 103 and R 10 * are independently 
of each other H, orC-i-CBalkyl, R 101 and R 1W are independently of each olher H, CrCealkyl, 
phenyl, or Cs-Cycycloalkyl, in particular cydohexyl; 

The present pyrimidine compounds are known or can be prepared according to or analogous 
to known procedures. The present pyrimidine compounds are for instance derivatives of 
known hydroxyphenyl pyrimidine compounds: US^A-3.442.898. U^A-S.597.854 and US-A- 
5,753,729, the relevant parts of whidi are hereby incorporated by reference. The present 
pyrimidine compounds can for instance be prepared according to or analogous to the 
following procedures; 

Suzuki aryl-aryl cross coupling reaction (Chem. Commun., 2002, 874 - 875); 0E-A-3Q01188, 

J. Org. Chem. Vol. 36, 1971 . 3382-3385: 

x 

w V> * n^n — vyk. 

v 
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17 
E-T-E, 

or -in case R 100 is not halogen - 

Hal-T-Hal, 

wherein Hal stands for halogen, preferably forbromo, 

wherein T is C*C 2 4-aryl or C^-heteroaryl, which can be substituted <see for example US- 
A-6,451.459 or DE-A-1 9651 439), 

Preferably, the reaction is carried cut in the presence of an organic solvent, such as an 
aromatic hydrocarbon or a usual polar organic solvent, such as benzene, toluene, xylene, 
tet-shydrofutane, or dioxane, or mixtures thereof, most preferred toluene. Usually, the 
amount of the solvent is chosen in the range of from 1 to 10 1 per mol of boronio acid 
derivative. Also preferred, the reaction is carried out under an inert atmosphere such as 
nitrogen, or argon. 

Partner, it is preferred to carry out the reaction in the presence of an aqueous base, such as 
waflafi-metal hydroxide or carbonate such as NaOH, KOH, Na^CCfe, K 2 CO s , Cs 2 C0 3 and 
the like, preferably an aqueous K 2 CO a solution is chosen. Usually, the molar ratio of the base 
- io compo und III is chosen in the range of from 0.5; 1 to 50: 1 - 

Generally, the reaction temperature is chosen In the range of from 40 to 180"C, preferably 
^jrtder reflux conditions. 

Preferred, the reaction time is chosen in the range of from 1 to 80 hours, more preferably 
from" 2G"to 72 hours. 

Jn a preferred embodiment a usual catalyst for coupling reactions or for polycondensation 
reactions is used, preferably Pd-based catalyst such as known tetrakis(triaryiphosphonium)- 
palladium, preferably (Ph^Pd and derivatives thereof. Usually, the catalyst Is added In a 
molar ratio from inventive DPP polymerto the catalyst in the range of from 100:1 to 10:1, 
preferably from 50; 1 to 30:1 . 

Ateo-preferred, the catalyst is added as in solution or suspension. Preferably, an appropriate 
nrranic solvent such as the ones described above, preferably benzene, toluene, xylene. 
THF, dioxane, more preferably toluene, or mixtures thereof, is used. The amount of solvent 
usually is chosen in the range of from 1 to 10 1 per mol of boronic acid derivative, 
^cbtained inventive polymer can be isolated by well-known methods. Preferably, after 

wmm down the reaction mixture to room temperature, it is poured into acetone and the 

ostained precipitation is filtered off. washed and dried. 

Cr-C l6 alkyl Is a branched or unbranched radical such as for example methyl, ethyl, propyl, 
-isapropyi, n-butyl. sec-butyl, isobutyl, tert-butyl. 2-ethylbutyl, n-penty!, isopentyl. 1- 
methylpentyl, 1,3-dimethyibutyi. n-hexyi, 1-methylhexyi, n-fceptyl. Ssohepiyl, 1.1,3,3- 
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dibenzo[b,d]thienyl 4 thianthrenyi, fvryl, furfuryl, 2H-pyranyl, benzofaranyf. teobenzofuranyt, 
dibenzofuranyl, phenoxythienyl, pyrroiyl. imidazolyl, pyrazolyl, pyridyl, blpyridyl, triazinyf, 
pyrimidinyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl, fndolyl, indazoiyl, purinyl, quinolizinyl, 
chinoiyl, feochinolyl, phthalazinyl, naphihyridinyl, chinoxalinyf, chinazolinyi, cinnolinyl, 
pteridinyl, carbazolyl, carbalinyl, benzotriazolyl, benzoxazolyl, phenanthridinyl, acridtnyl, 
perimidinyl, phenanthroilnyi, phenazinyl, isothfezolyl, phenothiazinyl, isoxazolyl, ftjrazanyl or 
phenoxazlnyl, which can be unsubstituted or substituted. 




Halogen is fluorine, chlorine, bromine and iodine. 

Examples of a five or six membered ring formed by R 5 and R e and R 103 and R 104 « 
respectively are heteracycloaikanes or heterocycloaikenes having from 3 to 5 carbon 
atoms which can have one additional hetero atom selected from nitrogen, oxygen 




T wh ich can be part of a 



of the above-mentioned groups are Ci-Caatkyi, a hydfoxyl group, a 
mercapto group, Ci-Csalkoxy, Cr-C B alkylthio, halogen, halo-Ci-C 8 ailcy!, acyanogroup, an 
aldehyde group, a ketone group, a carboxyl group, an ester group, a carbamoyl group, an 
amino group, a nitro group or a silyl group. 

As described above, the aforementioned radicate may be substituted by E and/or, if desired, 
interrupted by D. Interruptions are of course possible only in the case of radicals containing 
at least 2 carbon atoms connected to one another by single bands: G^-Cieary! is not 
interrupted; Interrupted arylalkyl or alkylaryl contains the unit D in the alkyl moiety. Ct- 
CiBalkyl substituted by one or more E and/or interrupted by one or more units D is, for 
example, (CH2CH2OVR*, where n is a number from the range 1-9 axid R^fs H or Ci-Cioalkyl 
or C^-Ctoalkanoyi <e.g. CO-CHfCsHs^Hs), GHz-CH(pF^-CHz-Q-R\ where R y is C n -OsalkyL 
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prevented by forming ft as a muteMayered structure. The light-emrifing material, a dopant, a 
hole-Injecting material and an electron-injecting material may be used in combination as 
required. Further, a dopant can Improve the light emission brightness and the light emission 
efficiency, and can attain the red or blue light emission. Further, each of the hole-injecting 
zone, tine light-emitting layer and the electron-injecting zone may have the layer structure of 
at least two layers. In the hole-injecting zone in this case, a layer to which holes arc* injected 
from an efectrode is called "hole-injecting layer", and a layer which receives holes from the 
hole-injecting layer and transport the holes to a light-emitting layer i$ called "hole-transporting 
layer". In the electron-injecting zone, a layer to which electrons are injected from an electrode 
is called "electron-injecting layer, and a layer which receives electrons from the electron- 
injecting layer and transports the electrons to a tight-emitting layer is called "electron- 
transporting layer' 4 . These layers are selected and used defending upon factors such as the 
energy level and heat resistance of materials and adhesion to an organb iayer or metal 
electrode. 

The light-emitting material or the dopant which may be used In the light-emitting layer 
together with the organic compounds of the present invention includes for example 
anthracene, naphthalene, phenanthrene. pyrene, tetracene, coronene, chrysene, fluorescein, 
peryfene, phthaloperylene, naphthafoperyiene, perinone, phthaoperinone, 
naphthatoperinone, dipheny Ibutadiene, tetrapheny (butadiene, coumarine, oxadlazole. ' 
akJazine, bisbenzoxazoline, bisstyryl, pyrazine, cydopentadiene t quinoiine metal complex, 
aminoquinoline metal complex, benzoquinoline metal complex, imine, diphenyiethyiene, vinyl 
anthracene, diaminocartoazole. pyran, thiopyran, polymethine, meracyanine, an imidazole- 
chelated oxynoid compound, quinacrfdone, robrene, and fluorescent dyestuffs for a dyestuff 
laser or for brightening. 

The organic compounds of the present invention and the above compound or compounds 
that can be used in a light-emitting layer may be used 5n any mixing ratio for forming a light- 
emitting layer. That is, the organic compounds of the present invention may provide a main 
component for forming a light-emitting layer, or they may be a doping materia! In another 
main material, depending upon a combination of the above compounds with the organic 
compounds of the present Invention. 

The hole-injecting material is selected from compounds which are capable of transporting 
holes, are capable of receiving holes from the anode, have an excellent effect of injecting 
holes to a light-emitting layer or a light-emitting material, prevent the movement of excftons 
generated in a light-emitting layer to an electron-injecting zone or an electron-injecting 
material and have the excellent capabifity of forming a thin film. Suite bis hole-injecting 
materials include for example a phthalocyanine derivative, a naphthalocyanine derivative, a 
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hydroxybenzo[h]quinolinate). chlorogallium bis(2^ethyl-^uinolinate), gallium bfe<2-methyl- 
a-quinolinate)(o-cnesolate). aluminum bis(2-methyJ-S-quinormate)(Hiaphtho[ate) r gallium 
bte(2-methyl-8-quinolinate)<2-naphthoIate), gaKium bis(2-methyf-8-qufnolinate)phenoiate, zinc 
blsCo-(2-benzooxazotyl)phenoIate) f zincbis(0"<2-benzothiazolyl)phenolate> and zinc bis(o<2- 
benzotrizoiyOphenolate). The nitrogen-containing five-membered derivative is preferably an 
oxazcle, thiazole, thladiazole, or triazole derivative. Although not specially limited, specific 
examples of the above nitrogen-containing five-membered derivative include 2,5-bis(1- 
phanylM^-oxazole, 1,4-bis(2-{4-rnethy1-5-phenyloxazoiyI)ben2ene, 2, 5-bis(1 -phenyl)- 
1,3,4-thiazole, 2,5^bis(1-phenyl)-1,3,4^xadiazoIe, 2-(4^tert4xjtylpheny0-5-(4 n -blphenyl)1 , 3,4- 
oxadlazoie, a^-bfed-naphthyO-l^^xadiazole, 1 ^-bisP^S-phenyloxadiazolyOIbenzene, 
1 ^bisp^S-phenyloxadiazolyQ-Wert-butylbenzeneJ, 2-(4 , -tert-butyIphenyi)-S«(4 , -biphenyi)- 
1,3,4-thiadiazole, 2,54>is(1-naphthyl)-1 f 3,4-th ladiazole, l^is^S-phenylthozolyOlbenzene, 
2-<4 , -tert-butyiphenyl)-S-{4 M -biphenylH ,3,4-triazole, 2,5-bis(1~naphthyl)-1 ,3*4-triazole and 
1 ,4«bIs[2-(5-phenyitriazolyI)Ibenzene. 

in the organic EL device of the present invention, the light-emitting layer may contain in 
addition to the light-^mftting organic material of the present invention, at least one of Other 
light-emitting material other dopant, other hole-injecting material and other electron-injecting 
material. For improving the organic EL device of the present invention in the stability against 
temperature, humidity and ambient atmosphere, a protective layer may be formed on the 
surface of the device, or the device as a whole may be sealed with a silicone oil or the like. 
The electrically conductive material used for the anode of the organic EL device is suitably 
selected from those materials having a work function of greater than 4 eV. The electrically 
conductive material includes carbon, aluminum, vanadium, iron, cobalt, nickel, tungsten, 
siiver, gold, platinum, palladium, alloys of these, metal oxides such as tin oxide and indium 
oxide used for ITO substrates or NESA substrates, and organic eiectroconducting polymers 
such as polythiophene and polypyrrole. 

The eiectrically conductive material used for the cathode is suitably selected from those 
having a work function of smaller than 4 eV. The electrically conductive materia! Includes 
magnesium, calcium, tin, lead> titanium, yttrium, lithium, ruthenium, manganese, aluminum 
and alloys of these, while the electrically condutive material shall not be limited to these. 
Examples of the alloys include magnesium/silver, magnesium/Indium and lithium/aluminum, 
while the alloys shall not be limited to these. Each of the anode and the cathode may have a 
layer structure formed of two layers or more as required. 

For the effective light emission of the organic EL device, at least one of the electrodes is 
desirably sufficiently transparent in the light emission wavelength region of the device. 
Further, the substrate is desirably transparent as well. The transparent electrode is 
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light source for a copying machine or a printer, a light source for a liquid crystal display or 
counter, a display signboard and a signal light 

The material of the present invention can be used In the fields of an organic EL device, an 
electrophotographic photoreceptor, a photoelectric converter, a solar cell, an image sensor, 
and the like. 

The following Examples illustrate the invention. In the Examples and throughout this 
application, the term light emitting material means the present pyrimidine compounds. 
• Examples 
Example 1 {A-1) 



ok (jp"*N on 




eduetl 




To I.OOg (2.69 mmol) of eduetl (prepared according to US-A^,442,898 from resorcinol and 
4,&d)chiore-2-phenvl-pyrimidine; J. Org; Chem. 1988. 53. 4137) In 20 ml water free DMF 
33*v&\A mmol) rnethyHa^ioacetate and 2.97 g (21 .5 mmol) potassium carbonate are 
added. The reaction mixture is stirred at 100 "G under nitrogen for 2 h. The reaction mixture 
is- diluted with water. The organic phase Is extracted with dichloromethane und dried with 
magnesium sulfate. The solvent is removed. After chromatography of the crude product on 
silica gel with toluene / ethyl acetate 8/2 the desired product Is obtained. Melting point 178.0 
-179.Q S C. 



Example 2 (A-2) 




■or 

o 



H N N OH 




0^,0 c>y 0 




eduetl 
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7«o JV< 7 } ° f ^^^^-propen-^ne (1) in 25 m, water free ethanol 
— S . 1 mmol) b.phenylbenzamidine hydrochlorid are added A solution of 1.07 g (19.08 
^oopotessfum hydroxide h 25 ml water free ethane, i^dded during 15 min. Dry air was 
babbled through the reaction mixture. The reaction mixture is refluxed for 24 h 
Taction mixture is poured Into water. The solid la filtered off and is washed with water. 
Tfonroduct is crystellteed 2 times from acetic add (96-98 %). Melting point 226-230 "C. 

Example 5 (B-2) 






HN NHj 



To 5.00 g (16.1 mmol) of 1 .^is-a-napMoy^ropen-l -one (1) in 25 ml water free ethanol 
1.27 g (8.11 mmol) benzamidine hydrochlorid am added. A solution of 1.07 g (19 08 mmol) 
potass.um hydroxide In 25 ml water free ethanol is added during 15 min. Dry air is bubbled 
throtigh-the reaction mixture. The reaction mixture is refluxed for 24 h. The reaction mixture 
is- poured into water. The solid is fiitered off and is washed with water. The product is 
crysfaftzed from acetic add (96-98 %). Melting point 1 79-180 "C. 
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water and the water phase is extracted with dlchloromethane. The organic phase is dried 
with magnesium sulfate, the solvent is removed by distillation and the remaining residue is 
purified by column chromatography (toluene / hexane 2/1). 

'H-NMR (300 MHz, CDCIa): & 8.75-8.72 (m,4H); 8.45-3.37 (m. 12H); 8.04-7.82 (m, 6H): 
7.S7-7.50 (m, 12h). 

Compounds C-2 to C-24 can be obtained in a manner analogous to Example 8. 




Gpd. 
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Compounds E-1 to E-35 can be obtained in a manner analogous to Example 6. 
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Example 7 (G-1) 




(Q-1) 

To 14.6 g (0.100 mol) of tetrafone and 15.0 g (1.10 mol) p-methoxy-ben*aldehyd in 100 ml 
absolute methanol 660 mg potassium hydroxide are added. The reaction mixture Is refluxed 
for 18 h under argon and then cooled to 25 «C. The formed product fe filtered off and washed 
wfth methanol. To 6.61 g (25.0 mmol) of said product in sVrhf water free ethanol 1.96 g (12.5 
mmol) benzamidfne hydrochloride are added. A solution of 1.65 g (25.0 mmol) potassium 
hydroxide in 50 ml water free ethanol is added during 15 min. Dry air Is bubbled through the 

reaction mixture. The reaction mixture is refluxed for 24 h and then poured into water. The 
water phase is extracted with dfchloromethana The organic phase Is dried with magnesium 
sulfate, the solvent is removed by distillation and the remaining residue is purified by column 

chromatography (toluene / hexane 1/1). The product G-1 having a melting point of 169 °C is 

obtained. 

Application Example 1 

Present compounds A1, A2, A3, 81. B2, C1 and G1 as light emitting materials, respectively, 
2,5-bis(1-naphthylM.3.4-oxadiazole and a potycarbonate resin in a weight ratio of 5:3:2 are 
dissolved in tetrahydrofuren, and the solution is spin-coated on a cleaned glass substrate 
with ah rTO electrode to form a light-emitting layer having a thickness of 100 nm. An 
electrode having a thickness of 150 nm is formed thereon from a magnesium/indium alloy 
having a magnesium/indium mixing ratio of 10/1, to obtain an organic EL device. The device 
exhibits light emission with excellent brightness and efficiency at a direct cunent voltage of 5 



v. 
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Application Example 5 

One of hole-Injecting materials (H-t) to (H-6) fe vacuum-deposited on a cleaned glass 
substrate with an ITO electrode, to form a hole-injecting layer having a thickness of 30 nm. 
Then, one of light-emitting materials A1, A2, A3, B1 , B2 f C1 and G1, respectively is vacuum- 
deposited to form a light-emitting layer having a thickness of 30 nm. Further, one of electron- 
injecting materials (E-1) to (E-6) Is vacuum-deposited to form an electronnnjecfing layer 
having a thickness of 30 nm, An electrode having a thickness of 150 nm Is formed thereon 
from a magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1 r to obtain an 
organic EL device. Each layer is foimed under a vacuum of 1 0 6 Tqrr at a substrate 
temperature of room temperature. Aff the organic EL devices obtained In these Examples 
shows nigh brightness and efficiency. 
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Application Example 7 

On a cleaned glass substrate with an ITO electrode, 4.4\4Mris(N-(1-naphthyl>-N- 
phenylamino)triphenylainine is vacuum-deposited to form a first hole-injecting layer having a 
thickness of 25 nm. Further, a hole-Injecting material (H-2) is vacuum-deposited to form a 
second hole-injecting layer having a thickness of 5 nm. Then, compounds Ai , A2, A3, B1, 
B2, C1 and G1 , respectively, as ^ht-emitfing materials are vacuum-deposited to form a light- 
emitting layer having- a thickness of 20 nm. Further, an electron-injecting material (E-5) is 
vacuum-deposited to form an electron-injecting layer having a thickness of 30 nm. Then, an 
electrode having a thickness of 150 nm is formed thereon from a magnesium/silver alloy 
having an magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The device 
shows an emission having a outstanding brightness and efficiency at a direct current voltage 
of SV. 

Application Example 8 

A hole-injecting material (H-5) is vacuum-deposited on a cleaned glass substrate with an ITO 
electrode to form a hole-injecting layer having a thickness of 20 run. Then, compounds A1, 
A2, A3, B1, B2, C1 and <31, respectively, as light-emitting materials are vacuum-deposited to 
form a light-emitting layer having a thickness of 20 nm. Furtfier, an electron-Injecting 
material (E-2) is vacuunvdeposiied ts.fosn a first etectron-inlectlng-layer-havtag a thickness 
of 20 nm- Then, an electron-injecting material (E-5) is vacuum-deposited to form a second 
electron-injecting layer having a thickness of 10 nm. and an electrode having a thickness of 
150 nm is formed thereon from a magnesium/silver alloy having an magnesium/silver mixing 
ratio of 10/1 > to obtain an organic EL device. The device shows light emission having an 
excellent brightness and efficiency at a direct cunent voltage of 5 V. 



Application Example 9 

An organic EL device Is prepared in the same manner as In Example 5 except that the light- 
emitting layer is replaced with a 30 nm thick light-emitting layer formed by vacuum-depositing 
compounds A1, A2, A3, B1, B2. C1 and G1, respectively, and one of the dopant compounds 
(D-1 ) to (D-7) in a weight ratio of 100:1 . All the organic EL devices obtained in these 
Examples shows high brightness characteristics and gives intended light emission colors. 
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Application Example 12 

An organic EL device Is prepared in the same manner as in Example 11 except that the light- 
emitting layer Is replaced with a 30 nm thick light-emitting layer formed by vacuum-depositing 
aluminum tris(8-hydroxyquinolinate) and one of the light-emitting materials A1 , A2, A3, B1 , 
B2, C1 and G1 In a weight ratio of 100:3. All the organic EL devices Obtained in these 
Examples shows high brightness characteristics at a direct current of 5 V. 



T-he-atganic EL devices obtained in the Application Examples of the present invention show 
an excellent light emission brightness and achieved a high Bght emission efficiency. When 
the organic EL devices obtained in the above Examples are allowed to continuously emit light 
at 3 (mA/cm 2 ), all the organic EL devices remain stable. Since the light-emitting materials of 
the^KBsent invention have a very high fluorescence quantum efficiency, the oiganlc EL 
-deviess-using the light-emitting materials achieved Bght emission with a high brightness in a 
low eleetrie current applied region, and when the light-emitting layer additionally uses a 
-dcping-material. the organic EL devices are improved in maximum light emission brightness 
and maximum light emission efficiency. Further, by adding a doping material having a 
.oiferent fluorescent cotor to the light-emitting material of the present Invention, there are 
obtained light-emitting devices having a different Bght emission color. The organic EL devices 
o f me pres ent inv en t ion accomplish improvements in light emission efficiency and Bght 
emission brightness and a longer device life, and does not impose any limitations on a fight- 
-emittsng material, a dopant, a hole-injecting material, an electron-injecting material, a 
sensitizer, a resin and an electrode material used in combination and the method of 
producing the device. The organic EL device using the material of the present Invention as a 
Jight-ernitting material achieves light emission having a high brightness with a high light 
emission efficiency and a longer life as compared with conventional devices. According to the 
Jight-emitting material of the present invention and the organic EL device of the present 
invention, there can be achieved an organic EL device having a high brightness, a high light 
emission efficiency and a long fife. 
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V is C s -C24aryl or Ca-Cwheteroaryl, which can be substituted or unsubstituied, in 




'A V 

particular ^ , H, Gi-Cisalkyl; Ci-Ciaalkyl Which is substituted by E and/or 
interrupted by D; Ca-Ci*alkertyl, CrC«aikenyl which is substituted by E and/or 
interrupted by D; CrCiaalkynyi: Cr-dsalkynyl which is substituted by E and/or 
interrupted by D; Ci-C«alkaxy; Ci-Ciaalkoxy which is substituted by E and/or 
. interrupted by D; -SR 5 ; -NR 5 ^; 

W is Ca-C«aryi or Cz-Catheteroaryl. which can be substituted or unsubstftuted, in 
W 2 




particular " , H, d-C^alkyl; Ci-Ci B aikyi which is substituted by E and/or 
interrupted by D; Ca-Oealkenyl. C*-d«alkenyl which is substituted by E and/br 
intenoipted by Qj-Osalkynyl; QrCisalkynyl which is substituted by E and/or 
interrupted by D; d-Cisaikoxy. d-daalkoxy which is substituted by E and/or 
interrupted by D; -SR S ; -NR s R e ; 

Y is Ce-C^ary! or CrCatheteroaryl, which can be substituted or unsubstftuted, in 




II „ 

V 

particular , H, d-d 8 alkyl; d-dsalkyl which is substituted by E and/or 

interrupted by D; Cy-Cwalkenyl. Cz-Ci B alkenyl which is substituted by E and/or 
interrupted by D; Cr-Ciaalkynyl; Csrdsalkynyi which is substituted by E and/or 
interrupted by D; d-d«alkoxy; C n -C«alkoxy which is substituted by E and/or 
Interrupted by D; -SR a ; -NR 5 R 8 ; 

X is Ctrdaaryl or Cz-CWieteroaryi, which can be substituted or unsubstituied, in 
X 2 

particular , H, C-daalkyl; d-Ciealkyi which is substituted by E and/or 

interrupted by D; Crdaalkenyl. Ca-C 18 alkenyi which is substituted by E and/or 
interrupted by D; CarCiaalkynyl: Crdsalkynyl which is substituted-by E and/br 
interrupted by D; d-daaikoxy; Ci^t 8 arKoxy^hich is-sutetttuted by E and/or 
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drdealkynyl; d-Ci 8 alkynyl which h substituted by E and/or Interrupted by D; 
• d-d 8 alkoxy. C,-C 18 a!koxy which 5s substituted by E and/or interrupted by D: -SR 5 ; - 
NR^ 8 ; Cz-CtBheteroaryt; C a -Ciahetaroaryl which is substituted by L; -SOR 4 ; -S0 2 R 4 ; 
-COR 8 ; -COOR 7 ; -CONR s R 8 ; C^acydoalkyl; d-dacycioalkyl which is substituted by 
E and/or interrupted by D; C4-d 5 cycioalkenyl; d-dscycloalkenyl which is substituted 
by E and/or interrupted by D; or 

two substituents A 1 , B\ B 2 or B 1 and B 3 form a five to seven numbered ring, which can 
be substituted, 

m is an integer of 1 to 4; and W\ W 2 , Y 1 , Y 2 , X 1 , X B , V, W, X and Y are as defined 
above; 

D is -CO-; -COO; -OCOO-; -S-; -SO-; -SO*-; -O-; -NR 5 -; -SiR s R fl -; -POR 8 -; -CR 5 =CR 8 -; 
or-CsC-; 

E is -OR 5 ; -SR a ; -NR 5 R 8 ; -COR 8 ; -COOR 7 ; -CONR 6 R«; -CM; -OCOOR 7 ; or halogen; 
G is E; K; heteroaryl; heteroaryl which Is substituted by Ce-Ciearyi; Ca-dsaryl which is 
substituted by E and/or K; 

K is C r d 8 alkyl; d-Ciaaikyi which is substituted by E and/or interrupted by D; d- 
C,„alky!aryl which is substituted by E and/or interrupted by D; drCiaalkenyi; Cz- 
Ciaalkenyl which is substituted by E and/or interrupted by D; Cydaalkynyl; Cz- 
C iB aikynyl which is substituted by E and/or intenupted by D; Ci-deaikoxy, d- 
C«alkoxy which is substituted by E and/or interrupted by D; d-dacyctoalkyl; d- 
dacyclcalkyl which is substituted by E and/or interrupted by D; C4-C 18 cycioalkenyl; or 
C 4 -d 8 cycloalkenyi which is substituted by E and/or interrupted by D; 
L is E; K;C 8 -C 18 aryl; or C^Cisaryl which is substituted by G, E and/or K; 
R 4 is C6-C 1B aryi; d-daaryl which is substituted by d-d 8 alkyl, Ct-dsalkoxy; d- 
Cfsatkyl; or Ci-Ciaalkyl which is interrupted by -O-; 

R s and R e are independently of each other H; CrCsaryr; C B -C l6 aryl which is 

substituted by d-C«alkyl. d-d 8 alkoxy; C,-dealkyl; or d-C l6 alkyl which is interrupted 
by-O-; 



or 
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wherein V, X, Y and W* to W 5 are as defined in claim 9. 

12, An electroluminescent device according to claim 1 1 . comprising a pyrimidine 
compound of formula 111, wherein 





Y is R\ if X is ^ , or X is R 1 , if Y is r , R 1 Is H, Ci-Ci 8 alkyl; C,- 
Ciaalkyl which is substituted by E and/or interrupted by D; Ca-daalkenyl, Ca-Ciaalkenyf 
which is substituted by E and/or Interrupted by D; C^C^aikynyl; C2-C 18 alkynyl which is 
substituted by E and/or interrupted by D; C«rCi B alkoxy; Ci-Ci 8 aikoxy which is 
substituted by E and/or interrupted by D: -SR S ; or -NR S R 6 ; wherein X 1 to X 5 , Y 1 to Y s , E, 
D, R 5 and R fi are as defined in claim 9. 

1 3. An electroluminescent device accoiding to claim 1 1 , wherein V In formula [|[ is H, 




14. An electroluminescent device according to claim 1 1 , wherein Y is 
wherein W 1 and W 5 and Y 1 and Y s are independently of each other H; Ci-C^alkyl: or 
Ci-Cisalkyl which is substituted by E and/or interrupted by D. 

15. An electroluminescent device according to claim 9, comprising a pyrimidine compound 
of formula 



\wmmm®mmm mist- l 
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W is a group of the formula 




102 




(B> 

particular ~ 2 , H, d-Ciaalkyl; Ct-Cisalkyl which is substituted 

by E and/or interrupted by 0; QrCnjaikenyl. Cz-C^alkenyi which is substituted by E 
and/or interrupted by D; Crdualkyhyi; Ca-Cisalkynyl which te substituted by E and/or 
interrupted by D; Ci-C 1B alkoxy; d-C 1g alkQxy which is substituted by E and/or 
interrupted by D; -SR S ; or -NR^R 8 ; wherein W 1 to W^D, V 1 to V s , E, A 1 , B\ B 2 , R 5 , R 8 , 
m and Z are as defined in claim 9 and R 101 and R 102 are independently of each other H, 
Ci-Cealkyl, C 8 -Cz4aryi, or Cs-Croycioalkyt, in particular H or Ci-»-aikyl. 



20. An electroluminescent device according to claim 9. comprising a pyn'midine compound 
of formula 




(VI) or 



Y 

Y* 

^ // 

(V»). Wherein 

W" to W 15 , w 21 to W* 3 , W 31 to W 33 , W 41 to W 45 , Y 11 to Y 13 , Y* to Y 25 , Y 31 to Y 35 and Y 41 
to Y 45 are independently of each other H; (VCiearyi; CVCisaryl which is substituted by 
G: Ci-Cwalkyi; Ci-Ci 8 alkyl which is substituted by E and/or interrupted by D; Ct- 
CTsaikyiaryl; Or-Cisalkyteryl which is substituted by E and/or-interrupted by D; Cs- 
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(IX) 



wherein x is chosen in the range of from 0.005 to 1<v preferably from 0,01 to 1 . and y 
from 0.995 to 0, preferably 0.99 to 0, and wherein x + y = 1,V Is a group of the formula 

v , H, CrCiBaikyl; d-daalkyl which h substituted by E and/or interrupted 
fay D; Cz-Ciaalkenyi, C2-Ci«alkenyl which Is substituted by E end/or interrupted by D; 
C2-CiBaHcynyl; Ca-Ciaalkynyl which is substituted by E and/or interrupted by D; ■ 
d-Cisalkoxy; C^Ciaalkoxy which is substituted by E and/or irrtenrupted by □; -SR 9 ; or- 
NR 5 R B ; and 

T is Ce-CsjH-aryl or Cs-^-heteroaryl, which can be substituted, In particular a group of 
JA 1 )m JB^m JB a )m 



, or 



, in particular 



the formula 

wherein X 1 to X s . Y 1 to Y 5 , D. V 1 to V* E, A\ B\ B 2 , R s , 
R 6 , m are as defined above. W* X 9 and Y 6 independently of each other have the same 
meanings as X\ and R w and R 102 are independently of each other H, Ci-Caalkyl, C 5 - 
C^aryi, or Cs-C7oycioaikyl, 



23. An electroluminescent device according to claim 9, wherein the pyrimidine compound 
has the following formula 
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Y 9 is H, C-Cgalkyl, or C r C 8 alkoxy, wherein n1 is an integer of 1 to 4 and X is ~ 
0-(CHz)nrtCH3 f -OC(OHCH2) m1 CH 3 , -C(0)-0- Crdolkyl, wherein ml is an integer of 0 
to 5. 



25. An electroluminescent device according to claim 9, wherein the organic compound has 
the following formula 

Y 3 




(Xllb>, 



wherein and Ware independently of each other H. -NR 103 R 10 *, C^-Cthioalkyl, or 
CrCaalkoxy, . 

Ytand Y 4 are independently of each other H, -NR 1ro R 104 , C^Cathloalkyl, orCi- 
Caalkoxy, wherein R loa and R <w are independently of each other H, or Ci-C 8 alkyl. 
W 5 is H, Ci-C»alkyl. or 0(CH 8 > n i-X, 
Y s is H, d-Cgalkyl, or 0(CH 2 ) fl ,-X. 

wherein n1 is an integer of 1 to 5 and X is -CMCHa^CHs, -O0(O)-(OHdanCHi, 
-C(OH>Ci-C B alkyl, -NR 10a R 104 , wherein ml Is an Integer of 0 to 5 and R 1m and R 104 
=*e independently of each other H. or CiO<ralkyI, or R 1w and R w together form a five 



or six membered heterocyclic ring, in particular 



-o 



J2B- An etecfrolumrnescent device according to claim 9, wherein the organic compound has 
the following fdrtttUla 
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Y 3 is H, -NR ia3 R 10 *, d-CBthioalkyl, or Cn-C fl alkoxy. 

X 3 is H, -NR 10d R 1fl \ Ci-C 8 thioafky! t or d-C^alkoxy, wherein R 1M and R 104 are 
independently of each other H, orCi-Caalkyl, R 1tH and R 102 are independently of each 
other H, CrC&alkyli phenyl, or Cs-C7cycloalkyl t in particular cyclohexyl. 




29. An electroluminescent device according to claim 9, wherein V te v a wherein 
V 1 to V s are as defined In claim 9, with the proviso that at least one of the substituents 
V to V s is different from H. 




30. An electroluminescent device according to claim 9, wherein W is 

wherein W' to W 6 are as defined in claim 9, with the proviso that at least one of the 
substituents W 1 to W 5 is different from H. 




31 . An electroluminescent device according to claim 9, wherein Y Es T . wherein 
Y 1 to Y 5 are as defined in claim 9, with the proviso that at least one of the substituents 
Y 1 to Y 5 is different from H. 
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37. An electroluminescent device seconding to claim 9 r comprising a pyrimidine compound 
of formula 




to"W*. and R* are as defined In claim 9. 



3a. A polymer, comprising the following units: 
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(VII), wherein 

W 11 to W 15 ( W 21 to W 25 , W 3 ' to W 35 . W* 1 to W 45 , Y" to Y 16 . Y* 1 to Y 25 , Y* to Y 33 and Y 41 
to Y^are independently of each other H; Gj-Ciaaryl; Cs-Ct 8 aryl which Is substituted by 
G; Ci-Ci8alkyl; Ci-daalkyl which is substituted by E and/or interrupted by D; Cr- 
Ciaalkyiaryl; Cr-Ciaalkylaryt which substituted by E and/or Interrupted by D; CV 
Ciaalksnyl; Cz-Ci S afkenyl which is substituted by E and/or irrtemipted by D; (V 
C«alkynyl; Cz-Ciaalkynyl which is substituted by E and/or interrupted by D; C n - 
Ciaalkaxy, d-Gmalkoxy which is substituted by E and/or interrupted by D; -SR 9 ; - 
NR fi R B ; Cz-C 1B heteroaryl; Ca-Ciaheteroaryl which Is substituted by L; -SOR 4 ; -SO2R 4 : 
-COR 8 ; -COOR 7 ; -CONRSr 6 ; C^C«cycloalkyl; C4-Ci 8 cyctoalkyl which is substituted by 
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ELECTROLUMINESCENT DEVICE 
Abstract of the Disclosure 

Disclosed are electroluminescent devices that comprise onganic layers that contain certain 
organic compounds containing one ore more pyrimidine moieties. The onganic compounds 
containing one ore more pyrimidine moieties are suitable components of blue-emitting, durable, 
organo-electroluminescent layers. The electroluminescent devices may be employed farfuil 
color display panels In for example mobile phones, tetevi$ion$ and personal computer screens. 
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